Background: Increasingly, national programs and leaders are looking at interdisciplinary collaborations as essential to future research. Twelve years ago, the National Institutes of Health (NIH) Office of Research on Women's Health (ORWH) developed and implemented the Building Interdisciplinary Research Careers in Women's Health (BIRCWH) K12 program to focus on interdisciplinary mentored career development for junior faculty in women's health research. Methods: We applied a mixed-methods approach using an electronic survey and in-person presentations and discussions to understand best practices and lessons learned for interdisciplinary mentoring across BIRCWH K12 program leaders.
Introduction

E
ffective mentoring is considered to be one of the most important components of a successful career in academia. Over recent years, momentum has been increasing for promoting interdisciplinary mentoring that includes collaboration across scientific disciplines. 1, 2 The National Institutes of Health (NIH) Office of Research on Women's Health (ORWH) developed and implemented the Building Interdisciplinary Research Careers in Women's Health (BIRCWH) K12 program to promote interdisciplinary mentored career development for junior faculty in women's health research in 2000. As the concept of interdisciplinary research continues to be expanded through the NIH Roadmap and Common Fund initiatives, understanding how to mentor and train scientists successfully in interdisciplinary research is increasingly important. 3 The ORWH recognized in the early 1990s that women's health research by its very nature must be interdisciplinary and should encompass not only clinical studies but also the full spectrum of research types, ranging from molecular and genetic studies to those of prevention, behavior, outcomes of interventions, and clinical translation of newly proven hypotheses. 4 The ORWH BIRCWH K12 program is built around three pillars: interdisciplinary research, mentoring, and career development. 5 The concept of interdisciplinary mentoring under the BIRCWH program necessitates the use of a team of mentors rather than a single mentor, recognizing that mentors from more than one area of expertise are better able to address complex health conditions that are relevant to women's health, such as HIV, diabetes, obesity, stroke, pain syndromes, and others. However, few studies have assessed the skills that are needed for successful interdisciplinary mentoring. Because the BIRCWH program has over a decade of experience in interdisciplinary mentorship and career development, best practices and lessons learned from NIH, ORWH BIRCWH programs may provide helpful information to other institutions and organizations that are focusing on career development of junior faculty.
This article describes the mentoring practices that are being used under the national BIRCWH mentored junior faculty (also known as ''Scholar'') career development program in women's health from ORWH. Currently, there are 29 BIRCWH sites across the United States (Appendix), and over 450 Scholars have participated as BIRCWH Scholars. The goal of this article is to provide an overview of the existing best practices in mentoring in an interdisciplinary environment under the BIRCWH program to inform further research efforts of this type of career development practice. This report seeks to identify the critical elements for successful mentoring approaches and techniques that may be used to provide tools for junior faculty development at other research-intensive academic institutions. Understanding the lessons learned in interdisciplinary mentoring has generalizable implications in terms of potentially leading to changes in the paradigm of mentoring practice across different training programs and ultimately for all disciplines of science.
Materials and Methods
We applied a mixed-methods approach to integrate findings from presentations, discussions, and an electronic survey. A 1-day interactive directors' roundtable of best practices of mentoring was held for BIRCWH program directors at the Annual Meeting of BIRCWH Directors at the NIH in November 2011. The workshop was facilitated by the three authors ( J.M.G., J.D.N, J.G.R.). Half of the active BIRCWH sites presented information about their sites, and all programs participated in the discussions that followed. In advance of the meeting, three guiding questions were provided to the presenting programs to organize their presentations. Time was reserved at the end of the presentations for open discussion among all principal investigators and program directors (PI/PD). Summaries of program experiences, challenges, and pearls to successful research mentoring were provided from each program's presentation materials and from discussions.
After the meeting, all BIRCWH programs were invited to submit written responses to the three guiding questions (Table 1) , as well as responses to general structured questions about numbers of mentors, evaluation of mentoring, and training in mentoring. Lastly, all programs were asked to submit a bulleted list of 150 words or less of pearls for best practices for mentoring. This process was conducted between October 2011 and February 2012. The Oregon Health & Science University Institutional Review Boards determined that the project did not meet the definition of human subject research per 45 CFR 46.102.
Analysis
Quantitative data were analyzed using descriptive statistics. Qualitative data were analyzed using content analysis performed by two authors ( J.M.G., J.G.R.) and also independently using NVivo software by two objective research associates with training in qualitative analyses. Narrative responses were reviewed as a whole to identify initial themes and then again in more detail to identify subthemes. Counts for occurrences of themes are presented in parentheses in results.
Results
We received responses from 29 (100 %) current BIRCWH program leaders. On average, programs reported that Scholars had an average of three mentors, with a range of one to seven mentors. Programs were asked to compare and contrast successful vs. less successful mentoring relationships and to describe the characteristics that are associated with success. Themes obtained from the three guiding questions are provided in Table 2 . Factors associated with success included ensuring that both mentor and Scholar have sufficient protected time to invest in regular (weekly or biweekly) mentoring, mentors being able to support the independent research of the Scholar (referred to by several respondents as ''mentor altruism'') as opposed to having the Scholar work on the mentor's research, interdisciplinary team mentoring including career as well as content mentors, and clear expectations and goals outlined between the Scholar and mentor from the beginning.
BIRCWH programs were asked how they select mentors for their BIRCWH Scholars. The majority of programs reported that potential Scholars can self-select mentors but that each mentor needs to be approved by the BIRCWH leadership or BIRCWH committee (and ORWH). They also reported that the BIRCWH leadership or BIRCWH committee may select specific mentors for Scholars where a need is identified for either content or career mentoring. Some sites recommended the use of a contract or formal agreement to outline expectations and goals between mentor and Scholar (n = 11). Innovative programs designed to support Scholars and mentors included providing protected time and institutional incentives to promote mentoring, an institutional mentoring academy, a virtual mentoring network, and mentoring toolkits.
Among the 33 factors reported to be associated with failure of the mentoring relationship, the leading factors reported were lack of support for mentor or Scholar or both (n = 7), poorly stated or lack of clear expectations (n = 6), and time constraints (n = 6). Other common challenges included lack of time/resources for mentoring and poor time management for either Scholars or mentors.
Twenty-eight of 29 BIRCWH programs formally evaluate mentoring. Most sites evaluated mentoring using surveys, 
Best practices and pearls from BIRCWH programs
Pearls and best practices from BIRCWH programs are summarized in Table 3 , and details are presented by program in Table 4 . Several themes arose across BIRCWH program pearls (frequencies of mentioned items are shown in parentheses). Pearls specific to mentors included the concepts of team mentoring (18), mentors actively engaging Scholars (19), 1116 GUISE ET AL.
and choosing the appropriate mentor (11) . Pearls specific to Scholars included the importance of peer mentoring among Scholars (8) and having clearly defined roles and expectations for the Scholar (8) . A major finding across sites is that programs are increasingly finding success using peer mentoring. Pearls relating to the mentor-Scholar relationship included having ample time allotted to mentoring to promote a strong relationship (7) and mentoring awards and incentives (5). Institutional or programmatic factors that were mentioned among program pearls included promoting regular meetings between mentor and Scholar (12) and provision of workshops, seminars, and learning opportunities (8) . Lastly, programs recommended reassigning mentors when necessary, providing prompt feedback early in the relationship (before 6 months), and use of formal mentoring contracts to avoid or address challenges. Twenty-three of 29 (79%) BIRCWH programs offer mentorship training at their institutions. Among 45 responses to narrative descriptions of formats used for training, the most common formats used were workshops, symposia, or seminars (28), followed by classes or coursework (8) , newsletters or virtual materials (6), single lectures (3), toolkits (3), and single occurrences for a resource center, a reference book, and career coaching. All but 1 of the programs that offer training in mentoring target this to both mentors and Scholars, whereas 1 focused exclusively on Scholars.
Discussion
This is the first formal evaluation of interdisciplinary mentoring practices across the national BIRCWH K12 programs. Because the BIRCWH is one of the longest running programs dedicated to interdisciplinary mentoring, understanding common pearls, struggles, and solutions can be very informative to other, similar efforts. Several themes emerged from the experiences of the BIRCWH programs over the years. The most commonly cited factors associated with success included that both mentors and Scholars need sufficient protected time to meet (at least weekly), mentors need to demonstrate mentor altruism, and Scholars need an interdisciplinary and collaborative team mentoring approach, including career mentors as well as sufficiently diverse content mentors.
In terms of factors associated with breakdowns in the mentoring relationship, major issues reported included lack of support for the mentor or Scholar or both, poorly stated or lack of clear expectations, and time constraints. As time pressures and financial pressures continue to increase for faculty, programs and institutions will be looking for mechanisms, tools, education, and organizational structures to support the work and promote the efficiency, productivity, and rewards for mentoring.
Although in the last few years, there has been extensive discussion of eliminating silos* and encouraging interdisciplinarity in science, the importance of mentoring with an interdisciplinary focus in contrast to other types of mentoring has only recently received study. 6 Schultz et al. 7 reported that building interdisciplinary research capacity took deliberate focus and effort on the part of the institution. The Clinical Translational Science Award (CTSA) Consortium recently conducted a semistructured phone survey to assess best practices for the KL2 program (similar to the K12 program) across 46 CTSA sites. 8 Although the two evaluations, CTSA and BIRCWH, differ somewhat in their focus, information from the two provides complementary information about career mentoring and emerging issues. The CTSA survey similarly found that rewards and incentives to recruit and retain qualified mentors were an important factor across institutions. Although, unlike the CTSA survey, we did not specifically ask a question directed at this issue, some BIRCWH programs mentioned institutional commitments to protect time that faculty devote to mentoring and issuing institutional mentorship awards to recognize successful faculty mentoring. The CTSA authors found substantial variability in mentoring practices across sites and limited consensus about the core elements of ''effective mentoring practices.'' 8 In contrast to the CTSA findings, BIRCWH program directors appeared to share many common mentoring practices. BIRCWH Review of Scholars and mentors at the annual advisory board meeting with discussion of productivity.
Harvard University Each Scholar has a primary mentor, who is either a basic or clinical investigator depending on the interests of the Scholar. The Scholar meets weekly with the primary research mentor.
J. Goldstein, Ph.D., M.P.H. A secondary mentor is selected as the clinical or basic research counterpart to the primary mentor. The secondary mentor is available to guide the Scholar's thinking in a translational manner through readings, course work, and supervision, depending on the needs of the Scholar. The Scholar meets monthly with the secondary mentor.
U. Kaiser, M.D. In addition, the team includes a career mentor, who ensures that the Scholar understands the departmental academic structure and can move through the system and develop a comprehensive career development plan to facilitate the Scholar's transition to a position as an independent investigator. Scholars meet with the career mentor semiannually. The team includes a mentor in health disparities. Issues relating to health disparities cross disorders, and thus we have mentors who expose Scholars to thinking about how social/environmental factors may contribute to or modify gender differences in population patterns of disease. Scholars meet with their health disparities mentor quarterly or semiannually. Finally, the BIRCWH PI and RD have a monthly meeting with the Scholars, in addition to twice annual individual meetings with all Scholars to discuss their progress and address individual concerns, with additional meetings as needed. Mentors and mentees should answer emails from each other within 2 business days. Mentees should send an email prior to each meeting summarizing the goals of the meeting, progress to date, and what she/he hopes to move forward. Mentee should then send an email after each meeting thanking the mentor for the conversation and summarizing the key points. Mentor should have goal to introduce mentee to at least one key collaborator in the field at a major meeting yearly as well as try to encourage program planning committees to invite the mentee to give a summary presentation. Mentors should demonstrate a diverse and independent portfolio of research funding before joining the BIRWH mentorship pool.
Mayo Clinic
(continued) TableTable  4 .
(Continued)
School BIRCWH PI/PD Pearls and best practices in mentoring Our KUMC campus recognizes outstanding mentoring relationships with annual awards. Collaborations among Scholars, both past and present, create a safe environment to share innovative ideas and apply for interdisciplinary grants. BIRCWH-sponsored lecture events allow Scholars access to mentoring experiences from senior scientists around the world. Scholars are encouraged by mentors to follow career paths in which they are passionate. Grant writing should be focused to research in which genuine, self-motivated interest exists. 
School BIRCWH PI/PD Pearls and best practices in mentoring Willingness of the Scholar to take advice and direction from the mentors and the BIRCWH PI and PD. Scholars who tend to continue in a direction when mentors have advised considering a different course have found that the manuscript or grant reviewers give them the same feedback they already received at their own institution. Use of the BIRCWH career development plan tool and adherence to the U of M BIRCWH program benchmarks. These tools as tools assist the team in assessing their Scholar's progress and productivity.
University of North Carolina at Chapel Hill Strive to assist Scholars to select mentors with compatible work styles and goals for the mentoring relationship.
E. Orringer, M.D. Clearly describe program goals and timelines to both mentors and mentees.
K. Boggess, M.D. Develop a community of Scholars consisting of other early-stage researchers who are proceeding along a similar track as BIRCWH Scholars. Engage the group in peer-to-peer mentoring by holding routine meetings to discuss research progress, strategize on next steps, and assist with problem solving. Be flexible and adapt your mentoring expectations to the needs and level of the Scholar. Adopt a village approach, in which Scholars benefit from input not only from the research mentors but also from program leaders and other scientists who model the behaviors of successful researchers. Maintain active involvement of former BIRCWH Scholars within the program. These Scholars are ideal role models for current Scholars and offer different perspectives from more established researchers.
University of Pittsburgh
We believe mentoring is successful only when the mentor makes a firm commitment to and is motivated by the future success of the Scholar.
J. Roberts, M.D. Evidence of commitment is the mentor meeting with the Scholar, even before the Scholar has been chosen, to draw up a career development plan.
M. Broido, Ph.D. There is no substitute for regular, scheduled meetings of mentors and Scholar. For the primary mentor, this should be at least weekly, for secondary mentors monthly, and for the team together quarterly. The mentor must be present when the Scholar is evaluated to provide input and to be assessed herself. We believe for mentoring team to work as a team, the number must be limited. In most circumstances, this will be three mentors, with additional mentors serving as consultants. We encourage peer mentoring by the Scholars. Scholars are encouraged to act as mentors for residents, fellows, and students and to take part in the CTSI courses on mentoring. Knowing the qualities of a good mentor facilitates Scholar's evaluation of the mentor.
University of Rochester PI/PD and advisory committee provide guidance on grant and manuscript presentations, oral presentation skills, management and leadership of independent research programs.
D. Cory-Slechta, Ph.D. Individual quarterly meetings of each Scholar with the PI and PD to provide mentorship and guidance and to discuss how the BIRCWH program could best assist in their career development.
E. van Wijngaarden, Ph.D. Scholars are encouraged to take advantage of existing didactic programs. Scholars receive interactive mentoring by two faculty members representing different disciplines.
The interdisciplinary advisory and mentoring committees provide multidisciplinary feedback on Scholars' research progress on a regular basis. Scholars are encouraged to conduct peer-to-peer publication review, which facilitates discussion among Scholars. Provide opportunities for Scholars to give oral presentations at grand rounds or other research seminars across the medical center.
Provide technical support to Scholars in statistical analysis, study design, design of data collection instruments, and maintenance of study databases. Washington University School of Medicine The WU BIRCWH program provides a pool of mentors specifically chosen for research relevant to women's health and an outstanding track record of mentoring young scientists.
University of Texas
C. Semenkovich, M.D. The career development committee consists of the BIRCWH PD and three mentors to provide big picture advice regarding the direction of each Scholar's research program, grant applications, and manuscript preparation. The Scholar is encouraged to include the department chair(s) to facilitate discussion of activities that will impact promotion.
T. Baranski, M.D., Ph.D. The Scholars are encouraged to host visiting professors with whom they share research interests and who can serve as potential outside mentors for their career development. Funds are provided to each Scholar for this activity. Scholars are required to attend the national BIRCWH meeting. This is an invaluable opportunity for Scholars to gain a broader perspective on mentoring at other institutions. This has been consistently rated highly by our Scholars.
Yale University School of Medicine Scholars develop an individualized written career development plan in collaboration with a primary and secondary mentor (from different disciplines), PI, and PD. The plan includes description of proposed research with a projected timeline, short/ long-term goal setting/accountability, and regular meetings to assess progress and revise plan as needed. programs over time appear to have identified similar elements for mentorship that include (1) an average of three mentors, one of whom would be a career mentor and at least two other content mentors that differ in their specialty, (2) a primary mentor who meets at least weekly with the Scholar, (3) explicit statement of expectations and roles of mentors and Scholars from the beginning of their work together (often in the form of written contracts), (4) at least annual evaluation from Scholar, mentor, and program leadership, (5) programmatic evaluation to ensure that mentors support the research independence, networking, and other needs of Scholars, and (6) the emergence of educational programs and tools to support the mentorship work of mentors and Scholars. As highlighted by Domino et al., 9 the BIRCWH program allows one of the most longitudinal looks at the interdisciplinary mentoring approach. Over time, the BIRCWH programs nationwide appear to have embraced common themes in supporting and evaluating interdisciplinary mentoring at the individual, program, and institutional levels. However, there are limitations to the current report. We are not able to connect particular interdisciplinary mentoring elements identified by BIRCWH programs directly with successful outcomes. Nevertheless, it is notable that BIRCWH programs have been highly successful; 2011 NIH research project grant funding data reveal that 38% of R01 applications submitted by BIRCWH Scholars were funded. This is higher than the overall NIH research project grant success rate of 29.3%.
Success for a BIRCWH Scholar can be measured by many different variables, and future studies may build on these data to further explore the relationships between specific mentoring practices and research independence outcomes more directly. This article is written from the perspective of PIs and PDs, and it is not known if providing Scholars with multiple mentors creates an added burden to Scholars, although that did not emerge as a finding from any of the reports of the Scholar/ mentor relationship. It is also worth noting that in the majority of BIRCWH programs, there is a designated primary mentor who works with the scholar to oversee the overall functioning of the interdisciplinary team. Another issue is that the best practices and challenges reported across programs may not take into account other activities that support mentoring within a given institution. [10] [11] [12] [13] Because organizational culture certainly can influence the cultivation of interdisciplinary science, this is another dimension that would be interesting to study.
Although it is certainly challenging to quantify the effectiveness of mentoring, especially at the individual level, any faculty member can speak to the importance of mentors to their careers, and institutional leaders can speak to the importance of good mentoring to attract highly qualified students and faculty. This reflection of a highly successful national research mentoring program provides a unique glimpse into common practices that academic institutions have found successful to cultivate the next generation of interdisciplinary research leaders. This information may be relevant not only for women's health but also for other fields and disciplines.
